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ABSTRACT
Understanding the spatial distribution and geometric relations between stratigraphy and
structural features can allow for a more accurate tectonic timeline to be considered for not only
the Arbuckle Mountains but for the assembly of modern North America. The Arbuckle
Mountains in south central Oklahoma exhibit structurally complex stratigraphy associated with
regional features like the Southern Oklahoma Aulacogen, the Arbuckle Anticline and the
Washita Valley fault. Camp Classen YMCA and Turner Falls city park in Davis, OK, hosts
observed, but largely unmapped, small scale structural features that best represent the magnitude
of deformation. The goal of this study was to determine if the complicated small scale structural
features at Camp Classen and Turner Falls can be explained by the larger tectonic timeline
already attributed to the area. Mapping these features produced a tectonic model that was
compared to the regional model. A highly detailed geologic map was produced to reveal the
spatial continuity and characteristics of geologic units expressed on the surface. Contacts
between geologic units are difficult to discern so a petrographic microscope to study the
sedimentary petrology was vital. Additionally, there is a lack of detailed geologic maps for the
area, which demonstrates the need for further research. Stereonet 9 was used to create stereonets,
which will aid in classifying and determining the locations and types of folds, faults, and joints.
These data and the trends they represent were compared to the existing regional tectonic model
constructed by Ham et al. (1975). If the models denote different tectonic histories then a new
interpretation must be considered. The fault kinematics and geometry controlled the spatial
distribution of stratigraphy throughout the mapped area. These mapped features indicate a large
ii

left lateral strike-slip system associated with the Washita Valley Fault. New interpretations
indicate that this system hosts the Collings Ranch basin and that it’s bounding faults are not the
same as previous interpretations.

iii

LIST OF ABBREVIATIONS AND SYMBOLS
WVF…………..……………………………...………………………………Washita Valley Fault
CRC…………..……………………………………….……………Collings Ranch Conglomerate
SDSS…………..……………..…………………………………Spatial Decision Support System
Ga…………..…………………………………………………………………..…Billion years ago
Ma…………..……………………………………………………………………Million years ago
XPL…………..……………………………………...………………………Cross Polarized Light
SOA…………………………………………………….…………Southern Oklahoma Aulacogen

iv

ACKNOWLEDGMENTS
I would like to express my deepest appreciation to my committee chair, Dr. Jennifer
Gifford. She consistently conveyed a sense of enthusiasm in the field and in the lab. Without her
intellect, patience, guidance, and persistent help this project would not have been possible.
I would also like to thank my committee members, Dr. Louis Zachos and Dr. Brian Platt
whose work and guidance were an invaluable aid in navigating the many channels of this project.
Additionally, I would like to express my gratitude to Dr. Lance Yarbrough and Dr. Zhen Guo,
without their help this project would have ended behind a keyboard.
Mr. Scott Hall, Rick Warren, Russell Gholson, and Bill Standiford, all deserve thanks as
well. They not only allowed me permission to their properties but also displayed genuine interest
in my project and suggested places to investigate within the mapping area. They’re combined
efforts made this project much smoother than it could have been otherwise.
I would also like to acknowledge and thank my parents. Without them none of this would
have been possible. They were always there to support me in whatever way was necessary. They
will have my eternal gratitude and appreciation.
In addition, I would like to offer a special thank you to Peshani Herath for being a
constant help not only as a quite constant but also as a field partner. Her interest and love for
science were exactly the motivation I needed on the worst days. Her general knowledge of
absolutely everything was extremely helpful.

v

To all of my friends who dealt with my complaints and helped me throughout this
process I can not express my gratitude enough. To Justin Hobart, Tyler Ricketts, Sam Zachos,
Chayan Lahiri, Erica Gerweck, Allison Woolsey, Aubrey Bolen, Saeed Arab, Sarah Hill, and
Dylan and Paige Miller I extend a personal thank you to you. If it had not been for your
kindness, generosity, patience, and intellect I would not have made it through this process.
Lastly I extend my deepest thanks to Dr. Terry Panhorst. I would never have come this
far without his extraordinary wisdom and kindness. He has the rare ability to politely tell you
that you are completely wrong. His intellect is unmatched and his willingness to help goes
beyond that of any sane human being. Without being challenged and encouraged by Dr. Panhorst
I would have never climbed out of the ruts. I consider him not only my mentor but also a best
friend.

vi

TABLE OF CONTENTS
ABSTRACT………………………………………………………………………………………ii
LIST OF ABBREVIATIONS AND SYMBOLS………………………………………………...iv
ACKNOWLEDGMENTS……………………………..……………………………………….....v
LIST OF FIGURES……………………………………………………………………………....ix
INTRODUCTION………………………………………………………………………………...1
GEOLOGIC SETTING………………………………………………………...…………………3
Overview of Regional Stratigraphy……………………………………………………….3
Basement Rocks…………………………………………………………………………...5
Local Stratigraphy, Lithologic Descriptions, and Type Section……………………..……6
Tectonic History………………………………………………………………………….10
The Southern Oklahoma Aulacogen……………………………………………………..13
Local Structural Geology…………………………………………………………….......16
METHODS ……………………………………………………………………………………...21
Spatial Decision Support System…………………………………………………….......21
Field Methods/ Mapping Methods……………………………………………………….23
Insoluble Residues……...………………………………………………………………..24
Petrography…………………..…………………………………………………………..25
RESULTS………………………………………………………………………………………..26
Spatial Decision Support System.………………………………………………………..26
Insoluble Residues.………………………………………………………………………28
vii

Petrography………………………………………………………………………………28
Local Structure and Geologic Map………………………………………………………36
DISSCUSSION………………………………………………………………………………..…39
Digital vs. Paper Mapping……………………………………………………………….39
Petrography……..……………………………………………………………………..…40
Structural Data Analysis…………………………………………………………………41
CONCLUSION…………………………………………………………………………………..49
LIST OF REFERENCES………………………………………………………………………...51
LIST OF APPENDICES…………………………………………………………………………58
Appendix A………………………………………………………………………………59
Appendix B………………………………………………………………………………61
VITA……………………………………………………………………………………………..62

viii

LIST OF FIGURES
Figure 1. Geologic Setting and Location Map…………………………………………………….3
Figure 2. Geographic locations for structural uplifts throughout Oklahoma…………………….12
Figure 3. Paleocurrent direction and geometry of the Collings Ranch Conglomerate…………..20
Figure 4. Spatial Decision Support System model builder graphic……………………………...22
Figure 5. Reclassified Vegetation Map of Camp Classen YMCA………………………………27
Figure 6. Geologic Map of Camp Classen and Turner Falls Oklahoma…………………………27
Figure 7. Sedimentary Petrography in Cross Polarized Light…………………………………...29
Figure 8. Sedimentary Petrography in Cross Polarized Light…………………………………...30
Figure 9. Sedimentary Petrography in Cross Polarized Light…………………………………...31
Figure 10. Sedimentary Petrography in Cross Polarized Light…………………………..……...32
Figure 11. Sedimentary Petrography in Cross Polarized Light………………………………….33
Figure 12. Sedimentary Petrography in Cross Polarized Light………………………………….34
Figure 13. Sedimentary Petrography in Cross Polarized Light………………………………….35
Figure 14. Sedimentary Petrography in Cross Polarized Light………………………………….36
Figure 15. Structure Map of the Camp Classen and Turner Falls Area………………………….37

ix

Figure 16. Stereonet plot of bedding orientations in the mapping area………………………….38
Figure 17. Diagram of negative flower structure………………………………………………...44
Figure 18. Diagram of releasing and restraining bends………………………………………….47
Figure 19. Insert map from Appendix I with bounding faults…………………………………...48

x

INTRODUCTION
The Arbuckle Mountains (Figure 1) in south central Oklahoma are structurally complex
uplands that resulted from the Arbuckle orogeny during the Pennsylvanian period. The
Arbuckles have been mapped on a regional scale as groups but not as individual units. However,
those maps and interpretations have not been reassessed with modern technology or updated
since the definition or delineation of new formations. Despite the level of interest as an area for
potential hydrocarbon exploration and development the structural geology remains poorly
understood. The objective of this project was to investigate the claims made by previous research
regarding tectonism and the associated structural features. A relatively small area of the
Arbuckle Mountains was chosen in order to examine in detail the complicated nature of
structural deformation within the area. The Lake Classen (now Camp Classen) and Turner Falls
areas were specifically selected because they host a large and easily observable outcrop of the
Collings Ranch Conglomerate (CRC). The CRC is unique in that it records five separate
intermittent tectonic pulsations responsible for the creation of the Arbuckle Mountains (Pybas et
al. 1995). Deformation styles vary throughout the region as a result of the petrophysical strength
of different stratigraphic lithologies. This study analyzes if an area of this size can reveal and
either support or contrast the current tectonic model and explanation for the Arbuckle Mountains.
The purpose of this project is to create a detailed geologic map of individual units and analyze
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their spatial continuity and geometry as expressed at the surface. Additionally it will allow for
analysis of structural trends and features which supply a means of interpreting the tectonic
movement that has occurred in the area. The interpretation can provide better context for the
regional tectonic model. Providing better context for these features will increase understanding
of the region’s geologic history and promote future multidisciplinary scientific investigations.
The new model can serve as a basis for project planners and contractors building in the area
regarding potential fault zones and seismic activity. The map provided in this study will provide
valuable information regarding structural and stratigraphic trends on the surface. Intensive field
work and structural and petrographic analysis coupled with insoluble residues tests provided
much of the data needed to complete this study. A multidisciplinary approach for distinguishing
units in the field was necessary due to similarities in lithology as well as heavy deformation.
Biostratigraphic surveys were also incorporated to further understand the spatial continuity and
geometry of particular units. However, the orogenic history rather than the faunal and
depositional history is the main focus of this study. The goal is to reconstruct the orogenic and
epeirogenic history using structural features and trends within the study area.
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GEOLOGIC SETTING

Figure 1. Outline of the Arbuckle Mountains in south- central Oklahoma. The solid green rectangles represent the mapping area

Overview of Regional Stratigraphy
For the purposes of this study geologic timescale terminology has been modified and
updated. Stages and series from the Ordovician will be referenced using the North America
version from Stamm (2014). Similarly stages and series from the Carboniferous will refer to the
timeline revised by Heckle and Clayton (2006). Plate 3 can be referenced as a visual aid for
relationships between stratigraphy, orogenic events, evolution of structural features, and Wilson
cycles.
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To compare the published regional tectonic model (Ham, 1964) to the small scale model
produced in this study, there must be a fundamental understanding of the lithologies outcropping
outside of the study area. The oldest rock unit in the study area is the Colbert Rhyolite. Isotope
dating suggests it is c. 525 million years old (Cambrian) (Fay,1989). It formed from a volcanic
flow and is ~7500 ft. thick (Fay, 1989). The Reagan Sandstone (Upper Cambrian) overlies the
Colbert Rhyolite unconformably (Fay, 1989). The Reagan Sandstone consists of sediments
eroded from uplifted basement rock. (Johnson, 2008). The Honey Creek Limestone overlies the
Reagan Sandstone. Together these units compose the Timbered Hills Group. The Fort Sill
Limestone, Royer Dolomite, and Signal Mountain Formations make up the lower Arbuckle
Group which overlies the Timbered Hills Group (Fay, 1989).
Units present in the Ordovician upper Arbuckle Group are, in order from oldest to
youngest, the Butterly Dolomite, McKenzie Hill Formation, Cool Creek Formation, Kindblade
Formation, and West Spring Creek Formation (Fay, 1989). The upper Arbuckle Group is
overlain by the Simpson Group (Middle Ordovician). The Simpson Group contains basal
sandstone interbedded with greenish-grey shale all capped by an upper limestone (Fay, 1989).
From oldest to youngest the Simpson Group comprises the Joins, Oil Creek, McLish, Tulip
Creek, and Bromide Formations (Fay, 1989). The Viola Group overlies the Simpson Group and
is the uppermost Middle Ordovician unit. It is the most resistant unit locally and is responsible
for the ridges in the area (Fay, 1989).
Upper Ordovician strata include the Sylvan Shale and the Keel Limestone (Fay,1989).
The Sylvan Shale overlies the Viola Group unconformably. The Sylvan Shale is overlain
unconformably by the Hunton Group (Fay, 1989). The Hunton Group is Silurian in age and
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consists of the Cochrane Limestone, Clarita Limestone, and the Henryhouse Formation (Ham,
1975). They collectively host many unconformities and typically weather to low ridges (Fay,
1989).
The Haragan Limestone and the overlying Bois d’Arc Limestone are Lower Devonian
and are bound by unconformities both above and below each unit (Fay 1989). They typically
form ridges. The Upper Devonian includes the Woodford Shale which weathers into the valleys
(Fay, 1989).
Mississippian strata consists of the Sycamore Limestone and overlying Delaware Creek
Shale and Goddard Shale. The Sycamore Limestone weathers into steep ridges on the sides of
the Arbuckle Mountains while the Delaware Creek erodes to flat lying areas (Fay, 1989). There
were estimated to be thousands of feet of Upper Mississippian and Pennsylvanian strata within
the mountains that have since been eroded (Fay, 1989). These rocks are now only present along
the boundaries of the Arbuckles at lower elevations.
The Collings Ranch Conglomerate is Late Pennsylvanian (Fay, 1989). It hosts pebble to
cobble sized rocks derived from the older formations (Fay, 1989). Two separate orogenic
episodes produced two major conglomerate formations. The Collings Ranch Conglomerate (midVirgilian) and the Vanoss Conglomerate (late Virgilian) (Ham, 1975).
Basement Rocks
The distribution, thickness, and general attributes of the basement rocks in Southern
Oklahoma are collectively the strongest influence on the structural evolution of the region (Ham
et al., 1964). The Arbuckle Mountains display 150 square miles of basement rock outcrops (Ham
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et al., 1964). It is unusual to find basement rock displayed in outcrop in the interior United
States. One of five places this is known to occur is in the Arbuckle Mountains. However, these
basement rocks are distinctive in that they outcrop along the border of an intracratonic basin and
are composed of Cambrian igneous flows and intrusives (Ham, 1975). These units were dated
isotopically at 500 to 550 million years old (Ham, 1975). They exist predominantly in the
Wichita Mountains but are also exposed along the southwestern portion of the Arbuckles (Ham,
1975). The Carlton Rhyolite Group exhibits a rhyolite flow and tuff sequence and lies at the top
of the Cambrian basement rock (Ham, 1975). It is 5000 feet in thickness and is underlain by
1050 feet of spilitic basalts and tuffs (Ham, 1975).
Local Stratigraphy, Lithologic Descriptions, and Type Sections
The Hunton Group (Early Silurian) hosts a series of limestones and marlstones
unconformably underlain by the Sylvan shale (Amsden, 1957). The Hunton Group comprises the
Chimney Hill Formation, the Hunton Marlstone, Henryhouse Formation, Haragan Formation,
Bois D’Arc Formation, and the Frisco Formation (Amsden, 1957). However, only the Chimney
Hill Formation crops out within the study area.
The Chimney Hill formation was named after Chimneyhill Creek which has since been
renamed the Jackfork Creek. The type locality for the Chimney Hill formation is the start of the
South Fork of Jackfork creek in Pontotoc, OK. The Chimney Hill is divided into four members
all separated from one another by unconformities; the Ideal Quarry Member, Keel Member,
Cochrane Member, and the Clarita Member (Amsden, 1957). Due to the lithologic similarities
members of this subgroup cannot be recognized in the study area so they have been mapped and
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described as Chimney Hill. The lithology of the Chimney Hill formation consists of limestones
with a low glauconitic clay and silt content. It has been classified as a calcarenite (Amsden,
1957).
Due to the difficulty in distinguishing boundaries between similar units throughout the
Arbuckles a fundamental understanding of the type section is necessary. The Ordovician
Simpson Group (Middle Ordovician- Whiterockian) comprises the Joins, Oil Creek, McLish,
Tulip Creek, and Bromide formations (Ham, 1978) and represent a distinct change in
depositional environment from the underlying Arbuckle Group. Each unit consists of limestone
and sandstone beds with interbedded green shales (Ham, 1978). The Oil Creek, McLish, Tulip
Creek, and Bromide all contain prominent basal sandstones with well rounded, well sorted, and
frosted quartz grains (Ham, 1978). Ham (1978) also reports that the Simpson Group ranges in
age from the post Canadian and pre-Trentonian portion of the Middle Ordovician. The name of
many of these ages have been revised and would now be considered to range from Ibexian
through Mohawkian series. Specifically the Chazyan to Chatifieldian stages (Stamm, 2014).
The Bromide formation is the youngest formation in the Simpson Group and contains
two distinct members. The lower is the Mountain Lake Member and the upper is the Pooleville
Member. Based on conodont biostratigraphy they are considered to range from late Whiterockian
to early Mohawkian age (Williams, 1996). The Bromide, like other formations of the Simpson
and Arbuckle groups was deposited partially in a major linear basin (the Southern Oklahoma
Aulacogen) and partially on the adjacent platform during a transgressive regressive event
(Williams. 1996). Lithofacies range from marginal marine to basinal types associated with
platform – basin and transgressive regressive facies. Within these facies 48 genera and 83
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species of ostracods have been recorded (Harris, 1957; Williams, 1990). These ostracod
assemblages vary but are distinct between the two members and are useful when distinguishing
between the Pooleville Member limestones of the Bromide and the base of the Viola Formation
in thin section.
The Bromide formation type section is in the town of Bromide in Johnston county
Oklahoma (Harris, 1957). It exhibits sandy limestones, green shale and sandstone with frosted
quartz grains (Jordan, 1957) and was first referenced by Ulrich (1911). The Bromide overlies the
Tulip Creek formation and is overlain by the Viola (Harris, 1957).
The type section for the Tulip Creek formation is along Tulip Creek on the south side of
the Arbuckle Mountains which runs next to U.S. Highway 77. The Tulip Creek consists of a
basal sandstone with overlying successions of shales and thinly bedded limestones (Harris,
1957).
The McLish formation was named for the McLish Ranch in Johnston County by Ulrich
(1930). It is described as a “birdseye” limestone which consists of localized dolomitic zones and
a basal sandstone member (Harris, 1957). The basal sandstone unit grades laterally into three
separate sandstone beds with dolomite between them (Jordan, 1957).
The Oil Creek formation was named for exposures along Oil Creek in Johnston County.
It hosts dolomite, limestone, shales, and sandstones. It overlies the Joins formation and is
overlain by the McLish formation. It is first referenced by Ulrich in 1930.
The Joins formation was described by Ulrich (1930) and is named for outcrops exposed
on the Joins Ranch. The formation exhibits shales and thin limestones with basal conglomerates
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and is the oldest unit in the Simpson Group, underlying the Oil Creek formation (Harris, 1957).
Within the mapping area the Joins formation hosts numerous diastemic unconformities that make
it easily observable. These are evidenced by ripple marks, cross-laminations, and intraformational flat stone conglomerates (Dunham, 1951) that appear as mud cracks.
The Arbuckle Group (Early Ordovician- Canadian) represents shallow water marine
deposition and is very fossiliferous. It consists of interbedded carbonate mudstones, calcarenites,
and dolomitic limestones. It consists dominantly of intertidal and shallow subtidal facies (Fritz,
2013). The Arbuckle Group has two members, upper Arbuckle Group and the lower Arbuckle
Group.
The upper Arbuckle Group is Early Ordovician in age and comprises, in descending
order, The West Spring Creek formation, The Kindblade formation, the Cool Creek formation,
the McKenzie Hill formation, and the Butterly Dolomite.
The Lower Arbuckle Group is Late Cambrian in age and comprises, in descending order,
the Signal Mountain formation, the Royer Dolomite, and the Fort Sill Limestone.
The Timbered Hills Group (Late Cambrian- Franconian) consists of, in descending order,
the Honey Creek Limestone and the Reagan Sandstone. These rocks are fairly distinct when
mapping so no description is necessary. The Colbert Rhyolite underlies the Timbered Hills
Group and is the oldest rock within the study area. It is part of the Carton Rhyolite Group that
outcrops in the Wichita Mountains but is named locally as the Colbert Rhyolite.
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Tectonic History
There are many prominent structural features in the Arbuckle Mountains. Many of these
features have changed since their creation. The folding and faulting present in the Arbuckles is
often not the first generation but rather an evolution of preexisting fault networks related to
basement tectonics. In an area that has undergone so much compressional and extensional
stresses associated with rifting, orogenic and epeirogenic events this is to be expected.
During the formation of Laurentia many island arc systems were accreted to the North
American craton (Whitmeyer and Karlstrom, 2007). These are called tectonic provinces. The
tectonic province associated with much of Oklahoma and the Arbuckle Mountains is called the
Mazatal province (Karlstrom and Bowring, 1993). The Mazatal hosts crust that is 1.68 – 1.60 Ga
and is thought to have formed in continental margin volcanic arcs and back-arc systems and was
accreted to the Yavapai terrane (Karlstrom and Bowring, 1993). The Mazatal is poorly exposed
throughout the mid-continental interior but has been well documented in the south- west United
States. Each terrane accreted onto the North American craton was dated using U-Pb zircon
dating (Whitmeyer and Karlstrom, 2007). These events took place long before the uplift of the
Arbuckle Mountains. These events that led to the creation of Laurentia introduce the granites
seen in the eastern Arbuckles that are overlain by the Colbert Rhyolite within the study area. The
structural controls within the area can be associated with the breakup of Rodinia. Rifting on the
western and eastern margins occurred before the opening of the Southern Oklahoma Aulacogen
(SOA) (Moores, 1991; Li et al., 2007). The final rifting stages for associated with the breakup of
Rodinia created the Reelfoot Rift and SOA (Thomas, 2006). Theses rifts indicate the existence of
a triple junction in the southeastern United States in the Early Cambrian (Thomas, 2006)
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However, the majority of the structural features with the exception of the Southern Oklahoma
Aulacogen were created during the Pennsylvanian
There are five major uplifts and six basins that have been identified in Oklahoma
(Northcutt and Campbell, 1998). These uplifts are the Nemaha, Ozark, Wichita, Ouachita, and
Arbuckle Uplifts (Figure 2). The geologic province involved in this study deals with the
Arbuckle Uplift north of the Ardmore Basin. The Arbuckle Uplift and subsequent creation of the
Arbuckle Mountains are the focus of this study. The original tectonic framework of the Arbuckle
Mountains and Oklahoma was first investigated by Ham et al (1964). He was the first to identify
Cambrian rift – bounding faults that were reactivated and formed series of reverse or thrust faults
in a compressional tectonic regime (McConnel, 1989; Perry, 1989). The Arbuckle Mountains
experienced reactivation of the Washita Valley Fault during the uplift and erosion of Upper
Cambrian to Middle Pennsylvanian strata (Ham et al. 1964; Johnson et al., 1989). The Lower
Cambrian volcanic rocks exposed are unconformably overlain by the Upper Cambrian Reagan
Sandstone. The Reagan Sandstone represents the basal unit in the Sauk Sequence transgression
of the rift and craton (Johnson et al., 1988). During the late Proterozoic to Early Ordovician Sauk
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Sequence the North American craton was inundated causing rapid sedimentation due to
accelerated subsidence of the Southern Oklahoma Aulacogen (Allen and Armitage, 2012).

Figure 2. The following colors correspond to these respective uplifts: Yellow (Nemaha), Red (Ozark), Blue (Wichita), Orange
(Ouachita) and Green (Arbuckle). Image modified by Northcutt and Campbell (1998) with peach colors represent each of the
uplifts.

The Arbuckle Mountains hosts strata from the Cambrian through the Pennsylvanian. The
oldest units were created by volcanic flows in the Middle Cambrian (Fay, 1989). After a series of
these flows a basin was formed and large quantities of Cambrian and Ordovician sediments in
filled the depression. Throughout its geologic history shallow seas inundated many parts of
Oklahoma (Johnson, 2008). The first of these transgressions occurred during the Cambrian.
From the Silurian to the Early Mississippian sediments continued to infill the basin. Numerous
unconformities were created during this time (Fay, 1989). In the late Mississippian and
Pennsylvanian another basin was formed.
It was not until the Late Pennsylvanian that the area was heavily deformed and uplifted
(Fay, 1989). Orogenic events had been occurring step by step but culminated in the
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Pennsylvanian (Dunham, 1955). This tectonic event produced the Arbuckle anticline and related
faults and synclines. A large graben was created on the north side of the Arbuckle anticline. A
substantial amount of material was then eroded from the uplifted mountains and accumulated in
the graben. Additional tectonism in the Late Pennsylvanian then faulted the conglomerates.
The Southern Oklahoma Aulacogen
Early Paleozoic extension and late Paleozoic compression are responsible for much of
complicated intraplate structures exhibited in the Arbuckle Mountains (Keller, 2014). Strike-slip
motion is thought to have contributed to deformation during both of these stages (Keller, 2014).
This is typical of compressional regimes associated with the formation of Laurentia (Keller,
2014). The features that developed from this activity are collectively known as the Southern
Oklahoma Aulacogen (SOA) (Keller, 2014). An aulacogen is defined by Bates (1983) as a
“tectonic trough found on a craton, bounded by convergent normal faults.” An aulacogen is
divided into three stages of development: (1) rifting (2) subsidence and infilling (3) deformation
of rocks within the rift (Cardott and Chaplin, 1993).
The SOA originally developed due to rifting that occurred from the late Proterozoic to the
early Cambrian (Cardott and Chaplin, 1993). There is some disagreement as to the generation
and morphology of this rift (Saxon, 1994). However, the existence of horizontal deviatoric
tensional stress strong enough to break the lithosphere is essential for all rift initiation (Kearey et
al., 2011). This tension can be caused by a number and/or combination of the following sources:
(1) plate motions, (2) thermal buoyancy forces attributed to asthenospheric upwellings, (3) basal
lithospheric traction caused by convecting asthenosphere, (4) buoyancy forces generated from

13

variations in crustal thickness (Huismans et al., 2001). These forces can be inherited from older
tectonic episodes or developed during extension (Kearey et al., 2011).
The Southern Oklahoma Aulacogen (SOA) represents part of a series of
penecontemporaneous rifts that occurred along the southern and eastern margins of the present
North American plate (Cardott and Chaplin, 2007). These margins are thought to be tectonically
related to the Grenville suture, formed during the accretion of the Llano terrane to the North
American plate (Cardott and Chaplin, 2007). The SOA is known to be the deepest sedimentary
trough in North America. It has been measured to be ~45,000 ft. thick in some areas (Ham,
1969). It extends from southeastern Oklahoma into the Texas panhandle for 250 miles at an
orientation of N 60° W (Cardott and Chaplin, 2007).
Crustal thinning associated with rifting gave way to significant igneous activity and
normal faulting (Saxon, 1994). Seas transgressed the SOA from the newly formed proto-Gulf of
Mexico (Saxon, 1994). This allowed for the deposition of the shallow marine carbonates over a
volcanic basement. Once the igneous bodies cooled and the SOA began to subside sedimentation
rates increased (Saxon, 1994).
Ham (1973) suggested that ~17000ft. of late Cambrian through Mississippian sediments
represents the first stage of infilling. Continued subsidence and orogenic action allowed for an
additional ~13000 ft. of terrigenous clastics to accumulate in the SOA via tectonic pulses
throughout the Pennsylvanian (Cardott and Chaplin, 2007). Many Pennsylvanian conglomerates
have recorded this event.
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The SOA has its origins in the Precambrian but most of the documented activity occurred
in the Phanerozoic. It is a failed rift arm that extended from the southern continental margin of
Laurentia into the craton (Ham et al., 1964). Crone and Luza (1990) suggested that the SOA may
actually be part of the northwest trending tectonic zone called the Wichita megashear. An
understanding of how old tectonic lines can be reactivated can provide data on paleostress
orientations. The only known exposed rift boundary for the SOA is thought to be the Washita
Valley fault zone in the Arbuckle Mountains (Cardott and Chaplin, 1993). The Southern
Oklahoma Aulacogen became partially inverted in the Late Pennsylvanian and is associated with
the collisional Ouachita orogeny along the southern margin of Laurentia (Cardott and Chaplin,
1993). This inversion could also be related to stresses that were transmitted inland from the
Cordilleran margin to the west. (Hanson et al., 2013). This structural inversion raised igneous
basal sections of the SOA rift to near surface depths (Cardott and Chaplin, 1993).
Ham et al. (1964) suggested that the role of basement rocks throughout southern
Oklahoma was the dominant control on the structural evolution of the region. He states that three
main fault sets can be observed in southern Oklahoma, the southwestern, central, and eastern.
The southwestern set includes the Burch, Altus, North Fork, and Waurika-Muenster faults (Ham
et al. 1964). The northwestern portion of the southwester faults sets are those associated with the
Wichita uplift. The Wichita uplift is also a massif that has been synthesized via igneous injection
(Ham et al. 1964). The central fault set hosts the Duncan-Criner fault, Meers fault, and the
Mountain View fault (Harlton, 1963). The eastern set of faults referenced by Ham et al. (1964) is
the one addressed in this study. These faults are expressed in outcrops throughout the Arbuckle
Mountains. They trend northwest and are subparallel to the other prominent fault sets previously
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mentioned (Ham et al., 1964). The most prominent of these faults is the Washita Valley fault
(Ham et al., 1964). Each of these played a role in the Pennsylvanian orogenies but adhere more
closely to structural regimes established during the formation of basement rocks (Ham et al.,
1964).
Local Structural Geology
The location and orientation of the northwest trending faults and folds throughout the
region were likely controlled by zones of crustal weakness that emerged during the original
rifting (Crone and Luza, 1990). One of the most prominent structural features in southern
Oklahoma is the Washita Valley fault zone (WVF). The main strand of the Washita Valley fault
zone dissects the mapping area. The north strand cuts through part of the Collings Ranch
Conglomerate (CRC). The main strand of the WVF is the southwest boundary for the Belton –
Tishomingo uplift (Ham, 1964). Pybas (1995) agrees, suggesting that the main strand is a
bounding structural contact. Both Pybas (1995) and Ham (1964) suggest that a related left
stepover fault network is evident given the geometry of the main Washita Valley fault strand.
The shape and orientation of faults and folds throughout the WVF system are characteristic of
features created by strike-slip faulting (Crone and Luza, 1990). The WVF was suggested to be a
major left lateral strike-slip fault with ~ 40 miles of offset by Tanner (1967).
Wickham (1978) noted that the deposition of the CRC and kinematics of the WVF are
very closely related. He suggested that the presence of such a major fault system must have
started as a normal fault with intermittent dip slip movement associated with the subsiding stage
of the SOA. Wickham (1978) proposed that the WFV developed as a left lateral wrench pull
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apart basin in a bend or left step in the major fault. Pybas (1995) indicates that the CRC was
deposited in a pull apart basin originating from left stepover faulting associated with the Washita
Valley fault zone as well. The Collings Ranch Conglomerate is also bounded by the Classen fault
to the northeast.
Ham (1969) suggested that the Washita Valley fault zone is the northern boundary of the
Cambrian SOA rift valley. It divides the Arbuckle Mountains into a western block and an eastern
block. The western block is underlain by Cambrian Colbert Rhyolite and the eastern block by the
Tishomingo granite (Cardott and Chaplin, 1993).
There have been numerous interpretations published on the Washita Valley fault (WVF).
The most widely accepted of these is that it is a horizontal, left lateral strike-slip wrench fault
(Cardott and Chaplin, 1993). An alternative suggestion was made by Brown (1984). He
suggested that the southwest dipping WVF was an imbricate of the Arbuckle thrust. He proposed
that the left lateral offset can be explained by the reverse dip slip movement along the Arbuckle
thrust. Brown (1984) has classified the WVF as a left oblique slip reverse fault with a dip slip
component of ~8 miles and strike-slip offset of 3 miles. However, this study tests the more
popular left lateral strike-slip wrench fault classification.
The Arbuckle Orogeny occurred throughout the Pennsylvanian yet culminated in the Late
Pennsylvanian. Saxon (1994) reports that the Arbuckle Orogeny is representative of a later pulse
of deformation from the Desmoinesian to Early Virgilian stages. However, it continued locally
into the Permian.
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Many of the extensional stress regimes and associated basins in the area can be traced to
the breaking apart of Pangea. As Laurentia and Gondwana separated it initiated extensional
forces from the continental margin inland (Allen and Armitage, 2012). The Arbuckle Anticline,
which makes up the interior of the Arbuckle Mountains, was created during a Paleozoic Wilson
cycle that ended with the collision of Gondwana and Laurasia and resulted in the development of
a fold and thrust belt (Haben, 2006). The trend follows the Proterozoic SOA (Haben, 2006). The
hinge of the Arbuckle anticline is thought to be affected by the Collings ranch fault on the
northern part and by the Chapman Ranch thrust on the southern part.
The Collings Ranch Conglomerate is the main depositional feature from the Arbuckle
Orogeny (Cardott and Chaplin, 1993). It has been interpreted as an alluvial fan deposit produced
from orogenic activity (Pybas et al., 1995). Cardott and Chaplain (1993) describe it as an
intramontane synorogenic alluvial fan complex that was deposited between the rising Arbuckle
and Tishomingo anticlines. Figure 2, from Pybas et al. (1995), indicates flow and propagation
direction of the alluvial fan deposits. In their study they measured imbricate clasts throughout the
CRC and overlaid rose diagrams that indicate directions of imbrication.
The CRC is significant in that it is a geologic record of uplift and deformation during the
Pennsylvanian. It outcrops between the Turner Falls and Camp Classen areas, on the northern
edge of the Arbuckle anticline. It consists mainly of pebble to boulder size limestone fragments
from Ordovician rocks of the Arbuckle and Tishomingo anticlines in addition to Cambrian
Butterly and Royer dolomites (Pybas 1995). It does not host any clasts of Colbert Rhyolite.
Cardott and Chaplin (1993) suggest that either the basement rock was not yet exposed during
deposition of the CRC or that it did not crop out in the drainage basin of the CRC. The CRC
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unconformably overlies steeply dipping Ordovician rocks of the Simpson and Arbuckle Groups
(Dunham, 1955) throughout the mapping area. Dunham (1955) and Ham (1956) used the CRC to
improve the age relationships of folding and faulting in the Arbuckle Mountains. Their studies
indicate that regional structural features like the Arbuckle and Tishomingo anticlines and the
associated Mill Creek syncline occurred during the Virgilian stage of the Late Pennsylvanian.
The CRC was created during this orogenic period and is cut by faults from later deformational
stages (Carter, 1979).
The CRC was originally deposited in a northwest – southeast trending trough during the
deformation stage of the SOA (Cardott and Chaplin, 1993). The majority of the CRC was
uplifted and lost to erosion. The only location that it has been largely maintained is in a synclinal
graben (Cardott and Chaplin, 1993). The graben is bounded by the Tishomingo anticline to the
northeast and the Arbuckle anticline to the southwest. Pybas (1995) suggests fault bounding
structural features. He reported that the CRC is bounded on the northeast by the Classen fault
and to the south by the main strand of the Washita Valley fault. The northeastern contact of CRC
is an unconformable one that overlies steeply dipping Ordovician rocks (Pybas, 1995).
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Figure 3. Paleocurrent directions modified from Pybas et al. (1995). Rose diagrams represent long axis orientations for 143 clast
imbrications in the Collings Ranch basin. The geometry and spatial extent of the CRC is characteristic of strike-slip systems.The
CRC is bound on the east by U.S. Hwy 77 in this study.
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METHODS
Spatial Decision Support System
In order to be more efficient in the field a Spatial Decision Support System was created to
highlight and target zones of the highest potential deformation. Highlighting these zones can
reveal the geometry and spatial continuity of units expressed at the surface. A Spatial Decision
Support Systems (SDSS) is intended to reinforce a decision research process that will develop
for complicated spatial issues. It is meant to establish a structured network that combines
management systems with analytical models, graphical display and tabular reporting abilities,
and the understanding of decision makers. To simplify it Densham (1991) describes it as a
Decision Support Systems (DSS) with a spatial component. The purpose of a SDSS is to supply
the user with a decision making system that allows the study of geographic information. It is a
participative system that incorporates the user’s understanding to complete the system.
Since SDSS deals with spatial issues there must be further abilities and functions for
these systems. SDSS must allow input mechanisms for spatial data. It must also allow accurate
representations of complicated spatial relationships and structures typical of spatial data. The
functions must incorporate analytical methods distinctive of spatial analysis. Lastly SDSS need
to offer output in a myriad of varying spatial forms. SDSS presents sets of varying solutions that
are presented to the user. These systems are seen as participative in that the decision maker will
assess the different solutions and choose the best option.
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Using the ArcGIS model builder (Figure 4) a SDSS was created to accentuate the spatial
distribution of the stratigraphy at the surface. Utilization of national agricultural imgaery
program (NAIP) data in conjunction with digital elevation models (DEM) data obtained through
laser imaging detection and ranging (LIDAR) systems was intended to aid in identifying the
gross lithology and macroscopic structural trends of the mapping area. An iterative model was
created using this data that weights four criteria: vegetation, slope, flow accumulation, and flow
direction. These parameters with their respective weights, decided by the user, are the criteria the
model runs through to create the final output.

Figure 4. Illustration of the model used to generate SDSS output.
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Field Methods/ Mapping Methods
Identifying units in the field proved difficult due to similarities in lithology coupled with
the magnitude of deformation and vegetation cover. The Simpson Group hosts several
formations that have not only similar lithologies but also similar patterns of repeating strata. For
example, The Bromide, Tulip Creek, McLish, and Oil Creek formations all host thick sandstone
beds with repeating patterns of interbedded shales and limestones. Some to a greater degree than
others. The Arbuckle Group hosts a series of thick limestone units that look nearly identical in
hand sample. In order to produce an accurate geologic map the more distinct formations were
mapped first. Units were then distinguished in the field by their stratigraphic relationship and
position to the known localities. In order to ensure the quality of the work a multidisciplinary
approach was taken to validate the identity of each individual formation. A series of insoluble
residue tests were carried out after field work each day. GPS points were acquired where targeted
samples were collected. These samples were then cut into thin sections, analyzed with a
petrographic microscope, and identified. Additionally, the incorporation of biostratigraphy aided
in determining the ages and potential identities of certain units. This was done in both hand
sample and at the microscopic level. Samples were analyzed and compared to descriptions of the
type section for each unit.
Both traditional paper and digital mapping were incorporated in this study. Traditional
paper sheets of the 1:24,000 Turner Falls Quadrangle were printed from sections 23, 24, 25, 26,
35, and 36. The digital component involved use of an ASUS Nexus 7 tablet with an external GPS
and Midland Valley’s Fieldmove software. Traditional field tools and methods were also utilized
to measure and record structural and stratigraphic features. Topographic maps and air photos
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were used to analyze the topography and geomorphology. A Brunton compass was used to
measure bedding, jointing, and fault strike and dip as well the trend, plunge, and hinges of folds.
It was also used to measure slickenlines and in some instances paleocurrent directions. A rock
hammer, sediment grain size card, hydrochloric acid (HCl), and handlens were used to identify
rocks on the basis of mineral composition, grainsize, and effervescence. A handheld Global
Positioning System (GPS) was also used to track movements and log sample locations.
Classification of units was based primarily on the lithostratigraphy associated with the
type section that each respective formation was described from. Data collected from the field
were entered into different Excel spreadsheets dependent on the data type. Bedding, jointing, and
fault orientations each had their own respective spreadsheets. Additional spreadsheets included
contact points and spatial outcrop data. These data were imported into ArcMap and displayed on
a georeferenced topographic map of the Turner Falls 7.5 minute Quadrangle. Dunham’s map
(1955) of the Lake Classen area and Fay’s (1989) Guidebook 26 map area were georeferenced
and compared to data collected in this study. Units were drawn as polygons in ArcMap 10.3 then
imported into Adobe Illustrator CS6. Contacts, fault orientations, bedding orientations and text
were drawn and completed in Adobe Illustrator.
Insoluble Residues
Insoluble residues tests were conducted each evening after field work. A series of these
tests were carried out on the carbonates of the Arbuckle Group. The units being specifically
analyzed were, in descending order, the West Spring Creek, Kindblade, Cool Creek, and
McKenzie Hill formations. These tests were conducted due to the striking similarities each of
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these units displays in hand sample. Each sample was weighed before and after dissolution.
Muriatic acid was chosen as a solvent due to its low cost and availability. A commercial grade
31.5 % HCl concentrated muriatic acid was poured over each sample and allowed to effervesce
until the sample had dissolved. Once the sample was dissolved the spent acid was decanted with
water. After complete dissolution each sample was dried and analyzed using a Dino-Lite Digital
Microscope. Insoluble residues were then classified, and compared to one another.
Petrography
Samples were collected along the I-35 road cut through the Arbuckle Mountains from
(chronologically) stops 7, 8, 9, 10, 25, 34, 15, 26, 24, 22, 21, 12, 6, 4, and 3. These stops are
cataloged and detailed in Fay’s (1989) Guidebook 26. These samples were gathered from known
formations and cut into thin sections to serve as a means of comparison for unknown samples
gathered elsewhere. The petrographic component to this study utilized a Leica DM750P
microscope with a Leica ICC50W Wi-Fi camera. Samples in thin section were also studied to
reveal more information regarding depositional environment, deformation, and diagenesis.
Data collected from the field was entered into different excel spreadsheets dependent on
the data type. Bedding, jointing, and fault orientations each had their own respective
spreadsheets. Additional spreadsheets included contact points and spatial outcrop data. These
datum were imported into ArcMap and displayed on a georeferenced topographic map of the
Turner Falls 7.5 minute Quadrangle.
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RESULTS
Spatial Decision Support System
A Spatial Decision Support System proved to have many limitations in this study. As a
tool for highlighting zones of heavy deformation or potential faulting it yielded ineffective data.
However, as a tool for identifying the gross lithology of the study area it was useful. The canopy
height parameter produced a map that highlighted areas of well indurated limestones in contrast
to weaker sandstone and shale beds. This tool allowed for the creation of maps offering a broad
overview of the spatial continuity and distribution of formations, groups and their respective
lithology at the surface. For example, Figure 3 shows what is now been geologically mapped via
ground truthing as the CRC to reveal the same geometry of the unconformable northern contact
with Ordovician strata
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Figure 5. This shows a reclassified vegetation map of Camp Classen created by subtracting Bare Earth DEM data from First
Return data to reveal canopy height. The red rectangle in this image corresponds with the same geographic location designated
by the red rectangle in Figure 6. The red arrow represents the stratigraphic and structural trends visible in the vegetation.

Figure 6. This is the geologic map created in this study. The red rectangle represents the same geographic location highlighted
in Figure 5. Structural and stratigraphic trends are more easily discernable in this image but consistently line up with the trends
highlighted in Figure 5.
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Insoluble Residues
One of the limitations encountered in these experiments was the availability of muriatic
acid in the area. Although it was the most readily available the local supply was still lacking.
Additionally, a laboratory setting would have been needed to ensure that samples were not
contaminated. The only option in this study was to leave samples exposed to the elements. The
insoluble residues tests conducted within this study were not time efficient. The majority of
samples from the well indurated limestones of the Arbuckle Group took too long to digest in the
acid and proved ineffective as a means of classification. The specimens that were completely
digested were samples that were already easily identifiable in hand sample.
Petrography
Unknown samples ADK1, ADK2, BDK, BDK1, and BDK2 were compared to known
samples cut from the I-35 road cut. The known samples were chosen based on the similarity in
hand sample lithology. The knowns that they were compared to include the McLish, the West
Spring Creek, the Cool Creek, and the Kindblade formations.
ADK1 features poorly sorted quartz grains with angularity ranging from well-rounded to
angular. ADK1 hosts an abundance of quartz grains and fine grained carbonates. Bioclasts
include brachiopods, gastropods, and bryozoans. There are peloidal lithic fragments as well.
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Figure 7. Two views at 10x magnification of sample ADK1 showing poorly sorted, angular to rounded quartz grains. Bryozoans
and brachiopods are visible in both images.

Sample ADK2 is cemented by a fine grained carbonate mud with high birefringence. It
features poorly sorted quartz grains. Larger grains are rounded and smaller grains are angular to
subangular. Fossil assemblage includes brachiopods, gastropods, and bryozoans. Distinct
zonation between muds and grains evident in color changes, particle size, and texture.
Additionally, peloidal lithics have been noted. Bryozoans and brachiopod shell fragments are
abundant. Around 40% micritic mud, 35% quartz grains, and 25% bioclasts
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Figure 8. Two images of ADK2 at 10x magnification under XPL. They exhibit poorly sorted quartz grains as well as peloidal clasts
and brachiopods, gastropods, and bryozoans

Sample BDK hosts brachiopods and fine grained quartz. It is cemented in carbonate mud
that appears partly oxidized. The quartz assemblage is much more uniform in this sample than
previous samples. However there is a larger percentage of carbonate mud as well.
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Figure 9. The slide on the left was taken at 10x XPL and the slide on the right at 63x XPL. The one on the left indicates poorly
sorted quartz matrix and brachiopods. The one on the right shows fine grained quartz in a carbonate mud with dendrites in thin
section.

Sample BDK2 hosts an abundance of angular quartz suspended in carbonate mud. It also
hosts easily observable brachiopods. This sample has a much higher percentage carbonate mud
with pockets of lithic quartz fragments. Oxidized zones are indicated by red staining.
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Figure 10. The left image of BDK2 was photographed at 10x objective power in XPL. It displays the distribution of angular poorly
sorted quartz grains. The right image of BDK2 exhibits oxidized carbonate mud and brachiopods included in a mass of quartz
grains.

Sample CC12DK1 and sample CC12DK2 come from the Cool Creek formation. They
hosted large peloidal lithics and less than 1% quartz. They also had recrystallized carbonate
growing in small fractures throughout the sample.
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Figure 11. These photographs are from the Cool Creek formation. The image on the left illustrates the lack of quartz and
abundance of peloidal lithic fragments. The image on the right shows fractured carbonate mud that has been filled with
secondary crystal growth of sparry calcite. Both images were taken in XPL at 63x.

Samples Kin1, Kin10DK, Kin10-2DK, and LKinDK1 come from the Kindblade
formation. None of these samples exhibited any visible fossil assemblage and all had very little
quartz. However, the Kindblade appeared to be the host for the peloidal lithics seen in other
samples. They were found in place in each of these thin sections.
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Figure 12. Each of these images were taken from thin sections of the Kindblade formation. The image on the left is from sample
KIN10-2DK and the image on the right is from LKINDK1. KIN10-2DK hosts numerous in place peloids. LKINDK1 is from the lower
Kindblade formation and displays stylolites. Neither of these samples or the other Kindblade samples mentioned had any quartz
grains or visible fossil assemblages. Both images were taken at 63x in XPL.

Samples McL34DK1A, McL34DKA, and McL34DKB all were cut from the McLish
formation. Samples McL34DKA and McL34DKB are McLish limestones while McL34DK1A is
the McLish sandstone.
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Figure 13. Both images taken at 10x objective power. The image on the left was taken from sample McL34DK1A which is the
McLish sandstone. There is an abundance of poorly sorted angular quartz grains. It also hosts bracchiopods and sparry calcite.
The green mineral present is likely glauconite. The image on the right was taken from the McLish limestone and is
predominantly sparry calcite with no fossils or quartz.

Samples WSC-CDP, WSC8DK, and WSC8DK1 were all taken from the West Spring
Creek formation. These samples host recrystallized quartz that has been precipitated in pore
space, peloidal lithics, as well as brachiopod, bryozoan, and gastropod fossils.
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Figure 14. These samples from the West Spring Creek formation show the presence of brachiopods, gastropods, and bryozoans.
The image on the right suggests an abundance of recrystallized quartz and chalcedony. Both images were taken in XPL at 63x
objective power.

Local Structure and Geologic Map
The results from field work are best represented by the geologic and structure maps in
Figure 15 and Appendix I. Much of the information derived from data collected in the field
supports preexisting interpretations. Orientation of the dominant structural features like the
WVF, Classen fault, and Honey Creek anticline trends northwest. Even the geometry of the CRC
as expressed at the surface trends Northwest to Southeast. Bedding orientations trend the same
as structural features. Figure 16 represents poles to bedding planes measured throughout the
mapping area. These NW – SE bedding orientations suggest that even though the area is heavily
faulted and folded the dominant sense of movement in the area must be strike-slip. Bedding
orientations range from shallow dips in the CRC and Timbered Hills Group to near vertical or
overturned in the Simpson Group. There are however shallower dips exhibited by the Viola
limestone in the Classen area between the Classen fault (CF)/Classen syncline (CS) and the
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Honey Creek anticline (HCA). This could described as a fault block caught up in rotational
motion between the HCA and CF. Other studies have not speculated on this possibility but the
stark contrast in bedding orientation on both sides of the CF and Raymond fault RF suggests this
probability.

Figure 15. Structure Map of the Classen and Turner Falls areas. Red triangles indicate conjugate strike-slip faults and the green
rectangle shows Riedel shears in the interior of the Lick Creek anticline. It is apparent that all of the major faults and folds
within the area trend northwest.
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Figure 16. Poles to the bedding planes were plotted for every unit exposed within the mapping area except for the
Pennsylvanian Collings Ranch Conglomerate. These poles indicate a dominant bedding orientation that strikes NW to SE. It also
indicates that the anticlinal fold limbs plunge SW to NE. n = 153
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DISCUSSION
Digital vs. Paper Mapping
Both traditional paper mapping and digital mapping methods were utilized in this study.
There are strengths and weaknesses concerning digital and traditional paper mapping techniques.
Digital mapping was done primarily on an ASUS Nexus tablet. The limitations of digital
mapping may vary dependent on the device utilized. It is much easier to acquire waterproof
housing for an iPad rather than an ASUS tablet. Some devices may include more a precise GPS
than others. These factors and the associated costs should be considered when deciding what
style device and software to use. Some general problems encountered in the field include battery
life, screen glare, and fragility. The external GPS would turn off and the tablet would revert to
the less accurate internal GPS. If not monitored constantly this can produce skewed data.
Program crashes were not frequent but were time consuming when they did occur. Daily setup
and loading process were also time consuming. There were often too many factors to juggle at
the same time which inherently affects quality of the field work. Data was saved and backed up
nightly adding to the overall work process. Layer variance and GPS measurements were not
always be as consistent as desired. There are also problems with the drawing interface. When
drawing in contacts or other linear features the lines would show up slightly off of the actual area
they were drawn.
Traditional paper mapping methods are by far superior. Sketches are exactly how they are
meant to appear and in the correct location. Contacts can be drawn in at the correct angles. There
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is no difficult preliminary setup and no need to back up data after work. There is no need to
worry about battery life and the other aforementioned issues associated with digital mapping.
Digital mapping only adds tension when already dealing with complex geologic concepts.
Traditional methods save time in the long run and allows for a more accurate interpretation. A
tablet takes the users focus away from the field and focuses it on the tools they are using to
record data
Petrography
There is variation not only between different units but also within the same unit
depending on where you are within the section. Thin section analysis can be difficult when
classifying units since sampling units comes from such targeted zones. However, there are subtle
clues that may suggests an unknown sample belongs to a certain group.
The unknown samples collected in this study were most notably similar to the West
Spring Creek formation samples taken from the I-35 road cut. The abundance of quartz, peloidal
lithics, carbonate mud, and fossil assemblage were very similar. The main difference between the
two is that in the unknown samples quartz is poorly sorted and scattered throughout the thin
section and in the known (WSC) sample it has been recrystallized as a secondary cement. This
could be due to the specific locations each sample was collected from. The known WSC sample
was collected from an area that was much more heavily faulted. The stress acting on the area
would fracture the rock creating more pore space for the silica rich waters to precipitate quartz
in. The unknown sample was collected from an unfaulted locality which suggests that the
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fracturing would not have occurred. It is probable that these samples originate from the same
parent rock yet have different diagenetic histories.
Structural Data Analysis
Localized structural trends reflect the regional trends. Large faults and folding are
oriented to the northwest. The geometric, kinematic, and dynamic analysis of folding and
faulting within the mapping area backs up the suggested nature and classification of the WVF as
a left lateral strike-slip fault. As Waldron (2005) concluded in his study of strike-slip faulting, a
system of structures typical of strike-slip systems includes 1) conjugate strike-slip faults 2)
folding 3) reverse faults, and 4) normal faulting. All of these features except for reverse faults
were located and mapped within the area of interest. The conjugate strike-slip faults are indicated
in Figure 15. The degree of offset (Ham and McKinley, 1954) was not verified as it extends far
from the limits of the mapping area. The geometric relationships between folding and faulting in
the mapped area are typical of strike-slip deformation.
Tectonic stresses acting on the region can be derived from a number of orogenic events.
Translational stress from the Taconic (~500 – 400 Ma; i.e. Tull et al., 2014; van Staal, 2007;
Yoshinobu, 2002), Acadian (~400 – 300 Ma; i.e. Faill, 1997; Spooner, 1970) and Alleghenian
orogenies (~325 – 260 Ma; i.e. Bartholomew and Whitaker, 2010) could be driving forces acting
on the Arbuckle region. Hoffman (1988) discusses in detail how the creation of Laurentia (the
North American craton) owes its existence to many Early Proterozoic orogenic belts. These belts
represent the deformed margins of a series of individual microcontinents made up of Archean
crust (Hoffman, 1988). Throughout the Paleozoic and Mesozoic the southern margin of
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Laurentia experienced a Wilson cycle (Arbenz, 1989). This Wilson cycle represents the
assemblage and breakup of Pangea in which a system of rift arms and fault networks stretched
deep into the interior of Laurentia (Arbenz, 1989). The SOA is one of these rifts.
As mentioned in the tectonic setting Crone and Luza (1990) suggest that the SOA may
actually be part of a larger tectonic zone called the Wichita megashear. If this is true, then the
WVF system and the associated folding throughout the mapped area lines up with the orientation
of the megashear. This may indicate that the WVF is actually part of the larger shear zone. The
Wichita megashear trends northwest through the southern midcontinent region (Crone and Luza,
1990). Its location and orientation were likely controlled by weaknesses in the crust associated
with the original rifting (Crone and Luza, 1990).
The Ouachita orogeny was a north vergent system at the southern margin of Laurentia. It
moved deep water facies groups as an allochthonous thrust belt onto and over the continental
shelf (Arbenz, 1989). The foreland facies consists of the Timbered Hills Group, the Arbuckle
Group, Simpson Group, Sylvan shale, Viola, and Hunton Group (Arbenz, 1989). The Ouachita
orogeny created a collisional duplex structure which allowed a series of antiformal ramp
structures to grow (Arbenz, 1989). However, a more complete and recent picture for the orogenic
pulses is seen in outcrops of the Arbuckle Mountains (Arbenz, 1989).
The Arbuckle Orogeny is a term first used by Van der Gracht (1931) to represent the last
significant deformation events in the Wichita orogenic belt. The Arbuckle Orogeny is a series of
five orogenic pulsations that occurred throughout the Pennsylvanian (Dunham, 1955). The
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Arbuckle Anticline and Arbuckle Uplift that make up the Arbuckle Mountains were created due
to compressional forces associated with the collision of Gondwana and Laurasia.
The structural features exhibited in the mapped area (Figure 15) such as the Lick Creek
Anticline and the Riedel shears cutting through its interior are characteristic of strike-slip
systems. Other features in the study area that are common of strike-slip dominated systems are
the Honey Creek anticline, Classen syncline, as well as numerous normal and strike-slip faults
(Figure 15). The structure map of Camp Classen and Turner Falls created in this study can also
be referenced in Plate 2. On this map there are several structural features that must be referenced
for a complete understanding of the mapping area. East to west the folds are: the Honey Creek
Anticline, the Classen Syncline, the Lick Creek Anticline, and the Colbert Creek Anticline.
These features are noted and described by Dunham (1955). They are described as minor folds
that were formed on the north limb of the much larger Arbuckle anticlinorium (Dunham, 1955).
Almost all of the folds within the mapped area are overturned to the northeast with overturned
limbs dipping between 75 to 80 degrees (Dunham, 1955; this study). The northern end of these
folds yield axes plunging to the northwest at nearly 40 degrees (Dunham, 1955; this study).
These fold trends continue to support the current tectonic understanding.
All faults throughout the area are likely offshoots or branches of the greater WVF
(Dunham, 1955; this study). The majority of the faults in the mapping area display nearly
vertical dips (Appendix A). The Chapman Ranch thrust fault and the Classen fault are the only
exceptions. Most all of the faulting resulted from strikes slip motion with some degree of dip slip
(Dunham, 1955; this study). It is possible that the net slip of the WVF weakened portions of the
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adjacent Arbuckle Group allowing the weaker strata to give way to the Chapman Ranch thrust
fault during the Ouachita orogeny.
It is likely that the CRC was deposited in a strike-slip basin formed at a releasing bend in
a stepover from the WVF (Appendix A). In agreement with the study conducted by Pybas (1995)
it is likely that the geometry of the CRC is such due to the shape of the shear zone and stepover
fault. Dunham (1955) and Ham (1964) concluded that this low lying area that hosts the CRC was
a graben. They did not speculate as to its structural nature beyond that. The locally mapped
geometry of the deposit and fault styles within and surrounding the CRC suggests, as did Pybas
(1995), that this area makes more structural sense as a divergent strike-slip basin formed at a
releasing bend in a left stepover from the WVF main strand (Appendix A). Pybas (1995) argues
that a left stepover due to the geometry of the main strand of the WVF. Pybas (1995) suggested
that the Classen fault (normal) denoted in Figure 17 likely came together with the WVF in the
subsurface to form a negative flower structure.

Figure 17. Modified from Pybas et al. (1995) shows their interpretation of the faults controlling the negative flower structure
binding the Collings Ranch basin.
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Dunham (1955) and Ham (1964) refer to the Collings Ranch basin as a graben throughout
their investigations. A graben defined by Jackson (1997) is an elongate trough or basin bounded
on both sides by high angle normal faults. As Pybas (1995) and this study have noted this is not
the case for the Collings Ranch basin. Pybas (1995) reports it is bounded on the south by the left
lateral Washita Valley strike-slip fault and to the north by the Classen fault. This may only be
partly true. The Classen fault is a normal fault with little oblique motion. The Raymond fault to
the northeast of the Classen fault and Honey Creek anticline has strike-slip motion to it. It is
believed by this study that the WVF and Raymond fault (Figure 19) are the bounding structural
features for the Collings ranch basin and that the Classen fault is a normal fault associated with
the negative flower structure.
The suggested hypothesis of this study is then that the CRC is deposited in a pull-apart
basin in the releasing bend of a left lateral strike-slip fault of a style described by Davis et al.
(2012). It displays the geometry of a negative flower structure in cross section as well as the
general formation of a releasing and restraining bend (Figure 18). Evidence for this includes the
following: a) the WVF is a known SS fault with LL displacement, b) the CRC is only found in
this restricted basin, and c) the Raymond Fault is also left lateral and is hypothesized to be the
northern boundary of the graben. Additionally, the information gathered from geologic map
produced in this study (Appendix I) indicates the following; a) the WVF is a left lateral strikeslip fault acting as the southern boundary of the Collings Ranch Basin, b) the Classen fault, a
normal fault with no apparent lateral displacement, is the northeastern boundary of the Collings
Ranch basin, c) the northwestern boundary of the Collings Ranch basin is not fault bound but
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rather a steep angular unconformity, d) the north strand of the WVF is normal within the outcrop
of the CRC but is shown as a left lateral fault to the northwest, and e) the Ordovician rocks in the
Tishomingo block must have been folded and eroded to peneplain prior to deposition of the CRC
due to the steep angular unconformity. The faults shown, then, must all be associated with
formations of the Collings Ranch graben.
This information suggests that the north strand of the WVF may also be left lateral strikeslip, and is connected to the normal fault shown bounding the CRC on the west side of the study
area. It is possible that strike-slip faulting could scissor to give the shown vertical displacements.
It is also possible that the Classen Fault may potentially be left lateral strike-slip but dies
out where it is shown on the map. This would result in another graben, bound on the south by the
north strand of the WVF and the north by the Classen Fault with stress taken up in the imbricate
area shown north of Collings Ranch in the Lick Creek Anticline. This suggests fault closure on
the south graben and a translation boundary on the NW of the north graben.
The geometry and kinematics of releasing bends as illustrated by Davis et al. (2012)
indicates that a secondary strike-slip fault must rejoin the master fault strand. The map
(Appendix I) in this study does not show this. It is possible that the stress associated with such a
fault has been displayed as the Riedel Shears that cut the Lick Creek Anticline rather than a north
bounding fault. It is also possible that the Raymond fault reappears outside of the mapped area
and rejoins the main WVF strand.
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Figure 18. This image was modified from Davis et al. (2012). The left side of the image depicts a strike-slip fault with both
restraining and releasing bends. Blocks A and B allow for a 3D cross sectional view of how these duplexes would appear. The
right side of the image indicates how flower structures form in cross section.

Pybas (1995) also noted that the CRC hosts broad northwest to southeast trending
anticlines and synclines with shallow dips. Flexural slip folds exhibited within one of these
anticline syncline pairs are exposed along the I-35 road cut. They host well developed shear
zones and rotated but unbroken clasts (Pybas, 1995). This indicates that folding developed within
the CRC before it was lithified and was contemporaneous with tectonism and deposition (Pybas,
1995).
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Figure 19. Inset map from Appendix I. The red stars indicate left lateral strike-slip movement whereas the yellow triangles
highlight normal faulting likely associated with a negative flower structure buried in the subsurface.

Cardott and Chaplin (1993) suggested that the most popular structural and tectonic
interpretation for the region is that the WVF and closely associated SOA are the main controlling
features. This interpretation indicates that the WVF acts as the principal mechanism of horizontal
left lateral strike-slip motion in the region. The interpretation made by Brown (1984) discussed
in the tectonic setting section of this paper is not as popular. The data analysis and maps created
in this study indicate a system similar to Cardott and Chaplin (1993) but with the Washita and
Raymond faults as the bounding structural features of the Collings Ranch basin (negative flower
structure). However, the CRC is only preserved between the WVF and Classen fault. This is
likely due to a difference in timing of deposition, uplift, and erosion. The lowest area of the basin
has preserved the CRC whereas the northern fault block of Viola had not yet to subsided to
depths low enough to preserve the CRC during it’s deposition.
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CONCLUSION
When analyzing tectonic episodes it is difficult to isolate one event from another. Each
orogenic episode and the forces associated with them are in one way or another tied to other
events and may reactivate old or create new structural features, salients, or trends. In addition to
the current understanding reactivation of the faulting associated with the SOA was could have
been caused by translational forces associated with the Taconic Orogeny. The SOA failed and
was filled with shallow marine transgressive and regressive facies. Thrust faulting then occurred,
uplifting basement rhyolites and granites as well as some of the diabase intrusions. This thrust
faulting is likely related to the Ouachita Orogeny and translational forces from the Alleghenian
orogeny. This thrusting caused the Arbuckle Uplift and Arbuckle Anticline. The three branches
of strike-slip motion in the study area could have reactivated from older fractures. This oblique
shearing motion of the WVF was likely reactivated during the Mesozoic and breakup of Pangea.
The most likely explanation for the origins of the WVF is as a rift forming normal fault
during the formation of the SOA, where it likely separated the aulacogen from the craton. The
Chapman Ranch thrust fault is likely not directly associated with the WVF but instead a low
angle reverse fault that fractured through the hinge line of the Arbuckle Anticline due to extreme
compressional forces. The study area exhibits all of the characteristic strike-slip system features,
and their presence indicates that the current regional tectonic understanding is correct.
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The evidence in this study supports the claims made by Pybas et al. (1995) suggesting
that the distribution of the CRC lies within a divergent strike-slip basin. Additionally, future
studies relating local structural geometry to the geometry of megashears could provide useful
information for deriving a tectonic timeline for a specific area. However, this study has
concluded that the WVF and Raymond faults are the bounding structural features for the
Collings Ranch basin rather than the WVF and Classen fault as stated by Pybas et al. (1995).
There was no evidence to suggest that stresses responsible for regional folding and
faulting occurred locally. However, exploiting the local structural trends, features, and the
associated areal stratigraphic geometry has supported previous claims on the Arbuckle’s tectonic
origins. Concluding evidence supports most previous interpretations on the structural style of the
Arbuckle Mountains as well as the tectonic history. There have however been advances and
additional data added to these preexisting interpretations. Additionally, several new features
were discerned, noted, and described. There were also many modifications made to preexisting
surface exposures, faults, and fold geometries. There are many explanations that can describe the
structural style and timing of the Arbuckle Mountains. The following are the conclusions found
in this study:
1. Verified strike – slip nature of Washita Valley Fault
2. Reconstructed and reevaluated the sequence of structural and tectonic events
based on localized structural trends, surface geometry, tectonostratigraphy, and
fault kinematics surrounding the Collings Ranch Basin
3. Local structural trends can be explained by the regional tectonic model
4. WVF and Raymond fault more likely structural controls of Collings Ranch basin
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